INTRODUCTION
============

Hepatocellular carcinoma (HCC) is the fifth most common cancer in men, the seventh in women worldwide ([@B1]), and the third most common cause of cancer-related death ([@B2]). In its advanced stage, median survival is \< 1 year and 5-year survival is \< 10% ([@B3]). Therefore, early diagnosis of HCC is critical as it can lead to early intervention with curative intent resulting in improved patients\' prognosis. The staging of HCC relies heavily on imaging and appropriate management of a given specific stage of HCC depends on the accuracy of its imaging diagnosis ([@B4]), hence, there is a clear need for refined diagnostic criteria.

A unique feature of HCC is that it allows for a noninvasive diagnosis without histologic confirmation. During hepatocarcinogenesis, unpaired arterial blood flow increases and portal flow decreases as hepatocytes become dedifferentiated ([@B5][@B6]). Owing to these hemodynamic changes, HCCs show a signature finding of arterial-phase enhancement followed by portal or delayed \"washout\" on contrast enhanced multi-detector computed tomography (MDCT) and/or magnetic resonance imaging (MRI) using extracellular contrast media (ECCM). Studies show that the noninvasive criteria of HCC shows nearly perfect specificity and positive predictive value of \> 95% in nodules \> 2 cm in cirrhosis ([@B7][@B8]). Currently established guidelines by the Association for the Study of Liver Diseases (AASLD), European Association for the Study of the Liver-European Organization for Research and Treatment of Cancer (EASL-EORTC), the Asian-Pacific Association for the Study of the Liver (APASL), Liver Imaging Reporting and Data System (LI-RADS), the Organ Procurement and Transplantation Network (OPTN) system, and the Japan Society of Hepatology (JSH) are commonly based on the characteristic hemodynamic changes of HCC ([@B9][@B10][@B11][@B12][@B13][@B14][@B15]). Therefore, all guidelines endorse multi-phasic CT and MRI with extracellular agents as first-line modalities ([@B9][@B10][@B11][@B12][@B13][@B14][@B15]).

However, several pathologic changes are known to occur during the development of HCCs in a cirrhotic liver, in addition to typical hemodynamic changes of HCC such as increased arterial flow and decreased portal flow ([@B16]). These include changes in cellularity, the transporters of hepatocytes, and a decrease in the number and function of Kupffer cells ([@B17]). Increased cellularity in progressed HCC is a distinct finding from cirrhotic nodules, and cumulative data suggests that diffusion weighted imaging (DWI) may improve the diagnostic performance for small HCCs ([@B18][@B19]). In addition, there are ample data to suggest that hepatocyte-specific contrast media (gadoxetate disodium \[gadoxetic acid or Gd-EOB-DTPA\] and gadobenate dimeglumine) enable the visualization of another key feature of hepatocarcinogenesis *in vivo* i.e., alteration of hepatocyte function ([@B16]). Expression of organic anion transporting polypeptide 1B1/3 (OATP 1B1/3) assessed by hepatocyte-specific MR contrast agents that are taken up by normal hepatocytes via OATP 1B1/3, reduces with tumor progression ([@B16][@B20]). Thus, hypointensity of cirrhotic nodules on the hepatobiliary phase of hepatocyte-specific contrast enhanced MRI suggests a lack of functioning hepatocytes in the tumor, which is shown earlier than hemodynamic changes in hepatocarcinogenesis ([@B21][@B22]). Furthermore, recently introduced ultrasound contrast medium (Sonazoid, GE Healthcare, Oslo, Norway) is reportedly taken up by Kupffer cells, improving the contrast resolution between tumors and the background liver and providing a dynamic enhancement pattern ([@B23]). Such emerging findings require consideration in any current HCC diagnostic criteria, however, adopting these findings for the noninvasive diagnosis of HCCs remains controversial due to lack of specificity ([@B20]).

In 2003, Korea first established its own practice guidelines proposed by the Korean Liver Cancer Study Group (KLCSG) and the National Cancer Center (NCC). The newest version of the KLCSG-NCC Korea practice guidelines of 2014 includes modification of the noninvasive HCC diagnostic criteria ([@B24][@B25]), incorporating utilization of hepatocyte-specific contrast-enhanced MRI and diagnosis of subcentimeter HCC. These guidelines are based on results of many recent studies that show that the potential of hepatobiliary contrast agents in detection of small HCCs (\< 2 cm), and differentiating HCCs from benign cirrhotic nodules ([@B17][@B26][@B27][@B28][@B29][@B30][@B31]). Similarly, the consensus guideline of JSH advocate MRI with gadoxetic acid as a first-line modality ([@B13][@B24]).

In this review, we briefly review the new HCC diagnostic criteria endorsed by the 2014 KLCSG-NCC Korea practice guidelines followed by a comparison with the other aforementioned guidelines and address several remaining issues that remain to be solved in the noninvasive diagnosis of HCCs.

Consensus Statements in the 2014 KLCSG-NCC Korea Practice Guidelines
====================================================================

The diagnostic algorithm of the KLCSG-NCC Korea practice guidelines is provided in [Figure 1](#F1){ref-type="fig"}. The 2014 KLCSG-NCC Korea practice guidelines provide the following consensus statements ([@B24][@B25]).

1\) HCC is diagnosed on the basis of either pathology or clinical criteria in patients belonging in the high-risk group (chronic hepatitis B/C or cirrhosis) (A1).

2\) When HCC is suspected during surveillance in the high-risk group, dynamic contrast-enhanced CT/MRI or MRI with liver-specific contrast agents should be performed for diagnosis (B1).

3\) In the high-risk group, HCC can be diagnosed for nodules 1 cm in diameter if one or two of the above-mentioned imaging techniques show typical features of HCC (for the diagnosis of nodules 1-2 cm in diameter, two or more imaging modalities are required if a suboptimal imaging technique is used). Typical features of HCC include arterial phase enhancement with washout in the portal or delayed phase (B1).

4\) Nodules \< 1 cm in diameter can be diagnosed as HCC in the high-risk group when all of the following conditions are met: typical features of HCC in two or more of the above-mentioned imaging modalities and continuously rising serum alpha-fetoprotein levels with hepatitis activity under control (C1).

5\) Pathological diagnosis should be considered when the clinical criteria are not met or typical features of HCC are not shown. Indeterminate nodules despite imaging workups or pathologic examination need to be followed-up with repeated imaging and serum tumor marker analysis (B1).

In the first statement, clinical criteria include imaging findings as well as tumor marker elevation in subcentimeter nodules ([Fig. 1](#F1){ref-type="fig"}) ([@B25]). In the second statement, the 2014 KLCSG-NCC Korea practice guidelines do not include contrast-enhanced ultrasound for diagnosing HCC, due to its limited roles for HCC diagnosis and staging ([@B32][@B33][@B34]); consequently, more cumulative data are required for acceptance as a primary diagnostic tool ([@B15][@B25]). Instead, the guidelines implement hepatocyte-specific contrast-enhanced MRI based on prior reports on its superior capability for liver lesion detection and characterization than CT ([@B35][@B36]) and MRI using ECCM ([@B37]). In the third statement, optimal CT and MRI are specified in 2014 KLCSG-NCC Korea practice guideline ([@B24][@B25]), and suboptimal imaging indicates imaging study that does not satisfy the specification. In nodules ≥ 1 cm, typical feature on single optimal study is sufficient for a diagnosis of HCC. However, atypical feature on single image study or typical feature on suboptimal image study may require additional imaging study according to the guidelines. Especially, for 1-2 cm nodules, the guidelines recommend that at least 2 imaging studies should show typical findings when the studies do not satisfy the required specification. In the fourth statement, continuous increases in serum alpha-fetoprotein refer to 1) serum alpha-fetoprotein above normal range; and 2) continuous increase in serum alpha-fetoprotein on follow-up test. However, the guidelines do not specify normal range of alpha-fetoprotein level, numbers of followups, and follow-up interval, but provide clinicians room to apply the guidelines depending on clinical circumstances.

Comparison of the 2014 KLCSG-NCC Korea practice guidelines with AASLD and EASL-EORTC guidelines, as well as with LI-RADS, is summarized in [Table 1](#T1){ref-type="table"}. In the 2014 KLCSG-NCC Korea practice guidelines, \"delayed phase\" is used for 3-minute delayed phase after either ECCM or hepatobiliary contrast agents. However, late dynamic phase imaging or delayed phase of gadoxetic acid, which is usually obtained around 3 minutes after contrast administration, is not equal to the conventional equilibrium phase, as contrast uptake by hepatocytes may start around the end of portal venous phase with gadoxetic acid ([@B38]). Therefore, this unique time window between portal phase and hepatobiliary phase (10-20 minutes after contrast injection) of gadoxedate disodium-enhanced MRI is the transitional phase between the vascular and hepatobiliary phases, unlike gadobenate dimeglumine, which provides a pure equilibrium phase ([@B38]). The terminology for this time window is not yet well established and \"delayed phase\", \"late dynamic phase\" or \"transitional phase\" are commonly used. Although \"delayed phase\" is used similar to ECCM agents in the 2014 KLCSG-NCC Korea practice guidelines, in this review, \"transitional phase\" is used instead of \"delayed phase\".

Definition of the High-Risk Group for HCC
=========================================

The population of patients who benefit most from a surveillance program are those who are at high risk of developing HCC ([@B39]). In the 2014 KLCSG-NCC Korea practice guidelines, high-risk patients are defined as patients with chronic hepatitis B, C, or cirrhosis of any cause, which is consistent with APASL guidelines ([@B14]). It is based on occurrence of HCC in patients with chronic hepatitis B before progression to cirrhosis ([@B40]). According to the EASL guidelines, cirrhosis is a criterion for inclusion in the high-risk group for HCCs; whereas, in the AASLD guidelines and LI-RADS, patients with chronic hepatitis B of a certain age and race, or with any cause of cirrhosis comprise the high-risk group ([@B9][@B10][@B12]). The difference between Eastern and Western guidelines may reflect the high prevalence of HCCs and hepatitis B or hepatitis C viral infections in Asia ([@B24]).

Cirrhosis by excessive alcohol consumption, vascular obstruction or severe portal hypertension increases incidence of HCC development, although it\'s annual incidence is reportedly lower than viral hepatitis ([@B41][@B42][@B43][@B44]). Furthermore, arterially enhancing nodules in these disease entities have often been confirmed as large regenerative nodules ([@B45][@B46][@B47]). Therefore, radiologists\' caution is warranted when applying noninvasive HCC diagnostic criteria in patients with these diseases ([Fig. 2](#F2){ref-type="fig"}). Finally, patients with history of HCC may have the greatest risk of tumor recurrence. Frequent follow-up may facilitate early detection after treatment, and strategy to improve sensitivity to diagnose HCC may be needed to provide additional opportunities to receive curative treatment. However, most guidelines including KLCSG-NCC Korea practice guidelines are established for initial diagnosis in patients without previous history, and do not state diagnostic criteria for recurrence. The risk stratification is necessary for establishing appropriate surveillance modality, follow-up interval after treatment and diagnostic strategy such as improving sensitivity or specificity, hence efforts are needed to clarify this issue in the next version of KLCSG-NCC Korea practice guidelines.

Detection of Nodules on Surveillance Ultrasound
===============================================

According to the 2014 KLCSG-NCC Korea practice guidelines, nodules (≥ 1 cm) initially detected by surveillance ultrasound with arterial-phase enhancement and \"washout\" on the portal or delayed phase on CT or MRI, satisfy the diagnostic criteria for HCC. According to the literature, the presence of antecedent ultrasound visibility, which both raises the probability of HCC and also serves as an additional important imaging feature, raises the positive predictive value to nearly 100% ([@B48][@B49][@B50][@B51]). This ultrasound visibility on surveillance examinations for the noninvasive diagnosis of HCC is also suggested in the AASLD and EASL-EORTC guidelines. However, the reported sensitivity of surveillance ultrasound is in the range of 40% to 81% with a specificity of 80-100% ([@B52]), in which sensitivity is lower than CT or MRI ([@B53][@B54][@B55]) and specificity is lower than MRI using gadoxetic acid ([@B54]). Thus, although ultrasound has the advantage of being noninvasive, inexpensive, and without radiation, its diagnostic accuracy for HCC is limited among those with a more coarsened echo texture and in obese patients. Furthermore, the detection of subcentimeter nodules in the cirrhotic liver can be quite challenging on ultrasound, even among examiners who are informed of tumor location ([@B56][@B57]). As a result, dynamic CT or MRI are sometimes used as the adjunctive surveillance technique to ultrasound, depending on the clinicians\' estimated risk for HCC ([@B58]). Likewise, the JSH recommends CT or MRI surveillance every 6-12 months in \"super-high-risk patients\" such as those with cirrhosis resulting from the hepatitis B or C virus and in patients in whom ultrasound is limited due to technical reasons ([@B13][@B48]). Therefore, further study is warranted to determine whether ultrasound visibility is essentially required for the noninvasive diagnosis of HCC.

Implementation of Hepatocyte-Specific Contrast-Enhanced MRI
===========================================================

Appropriate Phase for Determining \"Washout\"
---------------------------------------------

Hepatocyte-specific contrast enhanced MRI is increasingly performed owing to the growing evidence that it provides higher sensitivity for HCCs than MDCT or MRI using ECCM. This is mainly due to the higher contrast provided between the tumors and the background liver during hepatobiliary phase ([@B59]). The hepatobiliary phase is the temporal window during which hepatic parenchymal enhancement occurs as a result of hepatocyte uptake of contrast ([@B38]). Currently, the two hepatocyte-specific contrast media available in the market are gadoxetate disodium (Gd-EOB-DTPA, gadoxetic acid, Primovist or Eovist, Bayer Healthcare, Berlin, Germany) and gadobenate dimeglumine (Multihance, Bracco, Milan, Italy). The difference between the two is the percentage of hepatocyte uptake and the timing of the hepatobiliary phase. Approximately 50% of the administered dose of gadoxetic acid is taken up by hepatocytes and peak parenchymal enhancement is achieved in 20 minutes ([@B60]). In comparison, maximal parenchymal enhancement occurs 60-120 minutes after injection, as only 2-4% of gadobenate dimeglumine is taken up by hepatocytes ([@B61]). The liver parenchyma should be obviously brighter than the portal vein or hepatic vein, and contrast should be seen in the bile duct on hepatobiliary phase ([@B38]). However, late dynamic phase imaging or delayed phase of gadoxetic acid, which is usually obtained around 3 minutes after contrast administration, is not equal to the conventional equilibrium phase, as contrast uptake by hepatocytes may start around the end of portal venous phase with gadoxetic acid ([@B38]), and refers to transitional phase in this review. Despite the great advantage of hepatobiliary phase for detection of malignancies, one possible pitfall of gadoxetic acid arises from its transitional phase, since hypointensity relative to the liver in the transitional phase may reflect hyperenhancement of the liver parenchyma rather than de-enhancement of a mass (\"pseudo-washout\"), thereby lowering the specificity for a HCC diagnosis ([@B20]). For this reason, AASLD, EASL-EORTC and OPTN guidelines, at present, consider only MDCT or MRI using ECCM as diagnostic modalities. Furthermore, although LI-RADS accepts gadoxetic acid-enhanced MRI, it recommends that \"washout\" should be evaluated only on the portal venous phase ([@B38]), whereas the KLCSG-NCC Korea practice guidelines permit the determination of \"washout\" on not only the portal phase but also on the transitional phase (3 minutes delayed scan). However, this concern over the loss of specificity is well founded ([Figs. 3](#F3){ref-type="fig"}, [4](#F4){ref-type="fig"}). According to a recent study from Korea, sufficiently high specificity (97.9%) was achieved by admitting only \"washout\" on the portal venous phase of gadoxetic acid-enhanced MRI in nodules ≥ 1 cm ([@B29]). However, the specificity significantly dropped by permitting the determination of \"washout\" on the transitional phase (86.3%), although the sensitivity for the diagnosis of HCC also increased significantly ([@B29]). Indeed, approving the alternative use of hypointensity on the hepatobiliary phase instead of \"washout\" actually lowered the specificity for the noninvasive diagnosis of HCC (48.4%), although this also showed the highest sensitivity (93.8%) ([@B29]). These results suggest that to maintain specificity, only portal venous phase \"washout\" should be used for a noninvasive HCC diagnosis. Furthermore, the diagnosis of HCCs is based on arterial-phase enhancement and solely washout on the hepatobiliary phase requires great caution by radiologists as it shows a specificity of \< 50% ([@B29]). Nevertheless, methods to determine \"washout\" on hepatocyte-specific contrast media-enhanced MR imaging remains unclear, and may rather depend on results desired by radiologists and the clinicians, including high specificity or high sensitivity. In countries such as the United States, where the prevalence of HCC is not very high, and additional Model of End-Stage Liver Disease exception points equivalent to a 10% increase in mortality is allowed to patients with T2 stage HCC, this conservative definition of \"washout\" on only the portal venous phase would be reasonable. This is mainly because the overdiagnosis of HCCs may lead to unnecessary invasive treatments, unnecessary increase in the priority for liver transplantation allocations, or withdrawal of the chance for curative treatment in HCC patients. On the other hand, in Asian countries such as Korea, Japan, and China, which have the highest prevalence of HCCs globally, the diagnostic criteria for HCCs providing higher sensitivity with reasonably high specificity may be more appropriate, as early detection of HCCs may provide earlier adoption of potentially curative treatments such as radiofrequency ablation or surgical resection. Furthermore, low specificity for HCC diagnosis does not significantly alter the clinical management of liver transplantation in Korean practice, because liver transplantation is frequently used as a salvage operation after several attempts at interventional procedures or surgical resection; in addition, living donor transplantations are commonly performed and the presence of HCCs would not alter liver allocation priority. One may argue that false-positive diagnosis of HCC could lead to unnecessary invasive treatment. On the other hand, such high sensitivity may be helpful to avoid unnecessary surgery. A recent study shows that 4-year survival was superior in single nodular HCC on both CT and gadoxetic acid than single nodular HCC on CT only, after excluding patients with additionally detected definite or probable HCCs on gadoxetic acid MRI from surgery based on KLCSG-NCC Korea practice guideline and ancillary findings ([@B62]). The study demonstrated clinical value of diagnostic algorithm with high sensitivity in high-prevalence area, in terms of achieving \"real curative resection\" for the selected patients by avoiding futile surgery. Therefore, the alternative use of transitional or hepatobiliary phase hypointensity instead of \"washout\" on the portal venous phase would be quite appealing, especially if other ancillary findings of HCCs are carefully used to improve specificity.

Subdiagnostic Quality Arterial Phase Imaging on Gadoxetic Acid-Enhanced MRI
---------------------------------------------------------------------------

In phase I and II clinical trials, the recommended dose of gadoxetic acid is 0.025 mmol/kg (0.1 mL/kg) ([@B60][@B63]), which is only half that compared to other ECCM agents (0.2 mL/kg) containing a quarter of the gadolinium concentration in ECCM ([@B38]). This raises the concern of a short arterial phase window, which may prevent development of proper late arterial phase. Furthermore, gadoxetic acid is frequently reported to cause acute transient dyspnea shortly after intravenous administration ([@B64]) with a reported range of incidence from 11-17%, which is significantly higher than the 1-2% reported with gadobenate dimeglumine ([@B64][@B65]). Therefore, the arterial-phase enhancement of HCC can possibly be obscured. As a practical solution for this problem of gadoxetic acid-enhanced MRI, LI-RADS states that arterial-phase enhancement on recent CT scans may replace the inadequate arterial phase of MRI ([@B38]). The KLCSG-NCC Korea practice guidelines do not state such a substitution of arterial phase of recent CT or MRI scans using ECCM for suboptimal arterial phase of gadoxetic acid-enhanced MRI in patients with limited breathing-hold capacity or transient dyspnea. Furthermore, it is not clear whether the negative findings on arterial phase of recent CT or MRI with ECCM can also be applied. Therefore, further consensus is required concerning the substitution of other recent imaging modalities, criteria of \'recent\' scan, and applicability of isovascular or hypovascular findings on the arterial phase of recent CTs or only tumoral hypervascularity on the arterial phase.

Nonhypervascular Hypointense Nodules: Noninvasive Diagnosis of Hypovascular HCC?
--------------------------------------------------------------------------------

Nonhypervascular hypointense nodules detected on the hepatobiliary phase is another issue surrounding the use of hepatocyte-specific contrast-enhanced MRI. Although hypointense nodules are affected by hepatocarcinogenesis at the molecular level ([@B21][@B22]), little is known about the characteristics of these nodules due to lack of feasibility to biopsy of nonhypervascular hypointense nodules, owing to their multiplicity and small size. Furthermore, differentiation of dysplastic nodules from well-differentiated HCCs is challenging on biopsy. Recently, accumulating data shows histologic characters and clinical significance of these nodules. It was reported that a substantial proportion of nonhypervascular hypointense nodules (≥ 1 cm) or isovascular hypointense nodules (\> 1 cm) are pathologically diagnosed as HCCs or high-grade dysplastic nodules (HGDNs) ([Fig. 5](#F5){ref-type="fig"}) ([@B27][@B66]). Moreover, approximately 10-30% of these nodules show arterial-phase hypervascularization on follow-up ([Fig. 6](#F6){ref-type="fig"}) ([@B26][@B27][@B67][@B68][@B69][@B70]). The clinical impact of these nodules on patients\' outcome is gaining attention. Patients with nonhypervascular hypointense nodules show shorter recurrence free survival after radiofrequency ablation ([@B71]), and lower overall survival rate after liver resection ([@B72]). Despite their clinical significance, currently LI-RADS is the only criteria that stratifies risk of nonhypervascular hypointense nodules by scoring LR-3 or -4, depending on ancillary findings ([@B12]). One of the reasons why these nodules are not stated in other guidelines might be the challenge to differentiate HCCs from HGDNs noninvasively. Although there have been attempts to differentiate HCCs from HGDNs in these nodules using ancillary findings such as mild to modest T2 hyperintensity and diffusion restriction ([@B27][@B66][@B73][@B74][@B75]) or initial nodule size ( \> 1-1.5 cm in diameter) ([@B28][@B30][@B68][@B76]), the results are controversial to date. Nonetheless, these nonhypervascular hypointense nodules should be addressed as potentially malignant, since a substantial number of the nodules are pathologically early HCCs, and they potentially progress to classic HCCs. However, implementation of the concept of nonhypervascular hypointense nodules may require critical revision of KLCSG-NCC Korea practice guidelines, because current guidelines provide only binary classification of either HCC or not. In addition, worse clinical outcome in patients with nonhypervascular hypointense nodules may also require additional modification of follow-up strategy including accelerated surveillance interval, selection of surveillance modalities, and further refined stratification of high-risk group. Thus, implementation of the concept and interpretation of these nodules followed by customized management plan is an important issue to be addressed in the next update of KLCSG-NCC Korea practice guidelines.

Increase Diagnostic Sensitivity of Noninvasive Diagnostic Criteria of HCC
=========================================================================

Need for Implementation of Ancillary Findings: How and When
-----------------------------------------------------------

The approach based on hemodynamic alternations of HCC compared with the liver parenchyma may not be the best strategy in endemic areas, as it can potentially lead to the underdiagnosis of HCCs resulting from low sensitivity, thereby missing the chance for a timely treatment. According to previous studies using explanted livers as a standard of reference ([@B31][@B77]), even the KLCSG-NCC Korea practice guideline approach (arterial-phase enhancement and portal venous and/or transitional phase washout at MR) show only 20.7-27.6% sensitivity using gadoxetic acid-enhanced MRI in 1-2 cm tumors, despite its 75-87.5% sensitivity in tumors ≥ 2 cm. Indeed, the low sensitivity of this noninvasive diagnostic criteria is more frequently observed in small HCCs, ranging between 1-2 cm in literature. Sangiovanni et al. ([@B78]) also report the sensitivity of contrast enhanced ultrasonography (US), MDCT, and MRI using ECCM for 1-2 cm HCCs as 26%, 44%, and 44%, respectively, with 100% specificity. This may be explained by lack of diagnostic hallmark in small HCCs (≤ 2 cm), resulting from incomplete neoangiogenesis. This low sensitivity may justify Asian guidelines such as APASL, JSH, and 2014 KLCSG-NCC Korea practice guidelines, which aim to increase sensitivity ([@B13][@B14][@B24]). It further re-emphasizes the issue of how to obtain improved sensitivity while maintaining specificity to achieve an accurate diagnosis and staging of HCCs.

In the recent literature, several strategies are suggested to improve diagnostic sensitivity i.e., hypointensity on hepatobiliary phase imaging, diffusion restriction on DWI ([@B18][@B79]), presence of intralesional fat, and mild to modest hyperintensity on T2-weighted images ([@B12][@B80][@B81]). Previous studies show that hypointensity on the hepatobiliary phase can contribute to high sensitivity at hepatocyte-specific contrast enhanced MRI ([@B59][@B82]) and that DWI also contributes to the improved sensitivity for HCCs ([@B83][@B84]). The ancillary findings are clinically valuable particularly in nodules \< 2 cm in diameter ([@B18][@B31]). Although the 2014 KLCSG-NCC Korea practice guidelines describe ancillary findings as suggestive features of HCCs, the guidelines do not adopt these features as noninvasive diagnostic criteria, since they are not specific for HCC, and can be found in other hepatic malignancies such as cholangiocarcinoma, metastasis, or benign hemangioma. However, hypointensity on the hepatobiliary phase and diffusion restriction could improve the sensitivity for the diagnosis of HCC. Furthermore, according to another previous study ([@B85]), use of other common MR characteristics of HCC at such as peritumoral capsule, and intralesional fat, do not increase diagnostic accuracy of MRI, as compared with contrast enhancement patterns for the diagnosis of solitary nodules between 5-20 mm detected during surveillance in patients with cirrhosis. This leads radiologists to the dilemma of balancing sensitivity and specificity.

Among the several guidelines for the diagnosis of HCC, LI-RADS may provide a good example on how to deal with the aforementioned ancillary findings in the noninvasive diagnosis of HCCs ([@B12]). In LI-RADS, the diagnosis of \"definitely HCC (LR-5)\" is made on the basis of classical findings such as tumor size, arterial-phase enhancement, and 1 or 2 findings among \"washout\", \"capsule appearance\", and \"threshold growth\" ([@B12]). For the diagnosis of \"probably HCC (LR-4)\", morphologic findings such as fatty metamorphosis, and nodule in nodule architecture as well as the findings on T2-weighted imaging, DWI and hepatobiliary phase imaging, are considered as favoring malignancy. Hypointensity on the hepatobiliary phase is also considered as an ancillary finding for malignancy ([@B12]). In a recent prospective cohort study, which considered the diagnoses of \"LR-5\" and \"LR-4\" as definitive for HCC, sensitivity increased from 42.3% to 65.4%, without decreasing specificity (96.4%) in US detected small nodules (≤ 2 cm) ([@B86]). However, up-scoring and down-scoring using ancillary findings are one of the main causes of increased inter-observer variability in LI-RADS ([@B87]). Further refinement of the scoring system through standardization of up-scoring and down-scoring may be warranted to reduce inter-observer variability, especially in small nodules ranging between 1-2 cm. Furthermore, simply adopting ancillary findings in LI-RADS, in relation with major diagnostic criteria of HCC as well as frequent use of hepatocyte-specific contrast enhanced liver MRI requires caution. \"Pseudo-washout\" can be observed in tumor capsule appearance, which is 1 of the major criteria for diagnosing HCC. According to LI-RADS and OPTN guidelines, presence of tumor capsule appearance is the major criterion to diagnose HCC, where capsule appearance is defined as rim enhancement on delayed phase with or without arterial enhancement ([@B12]). However, because of \"pseudo-washout\", enhanced capsule appearance of tumor can be seen as hypointense rim on transitional phase, which shows enhancement on delayed phase at CT or MRI using ECCM ([Fig. 7](#F7){ref-type="fig"}). Thus, the tumor fails to meet the criteria of OPTN and LI-RADS 5, because hypointense rim on transitional phase is not regarded as capsule appearance but discrete rim that is ancillary finding. Indeed, LI-RADS accepts capsule appearance on only vascular phases, to maintain consistency with OPTN guideline ([@B12]) for assessment of capsule appearance on transitional phase. Adoption and implementation of ancillary findings for noninvasive diagnosis for HCC should be discussed in the upcoming version of KLCSG-NCC Korea practice guidelines in conjunction with issue of nonhypervascular hypointense nodules.

Diagnosis of Small (\< 1 cm) HCCs
---------------------------------

According to the literature, the sensitivities of CT and MRI are closely related with tumor size. Owing to the low sensitivity of CT and MRI in diagnosing subcentimeter HCCs ([@B59]), noninvasive diagnostic criteria are not applicable to small (\< 1 cm) nodules according to AASLD and EASLEORTC guidelines ([@B9][@B10][@B88]). However, in clinical practice, an increasing number of subcentimeter cirrhotic nodules are found on hepatocyte-specific contrast-enhanced MRI including DWI that are often confirmed as HCCs or high-grade dysplastic nodules ([@B18][@B66]). Therefore, the first emerging question is the characterization of subcentimeter hypervascular nodules that show arterialphase enhancement and \"washout\", diffusion restriction or hyperintensity on T2-weighted imaging and hypointensity on the hepatobiliary phase. In contrast to AASLD and EASL-EORTC guidelines, KLCSG-NCC Korea practice guidelines and LI-RADS include a category for these HCCs (\< 1 cm). KLCSG-NCC Korea practice guidelines indicate that HCCs can be diagnosed by a combination of the typical hallmark features of HCCs in ≥ 2 imaging modalities and increased serum alpha-fetoprotein levels with a rising trend over time for liver nodules \< 1 cm in patients with suppressed hepatitis activity ([@B24]). LI-RADS suggests that arterial-phase enhancing nodules (\< 1 cm) showing one finding among \"washout\", \"capsule\", or \"threshold growth\" can be scored as LR-4, indicating \"probably HCC\" ([@B12]). Recent studies report that in subcentimeter (\< 1 cm) hypervascular nodules showing typical imaging findings of HCC on gadoxetic acid-enhanced MRI and DWI, 89.9-100% of the nodules progress to overt HCCs (≥ 1 cm) within 12 months ([@B89][@B90]), and all nodules (100%) \> 5.5 mm turn to overt HCC within a year in patients with history of HCC, including a case of portal vein invasion ([@B89]). In addition, only initial nodule size is a significant risk factor for HCC progression ([@B89]). The cumulative rate of progression in these nodules is higher than those in nodules with atypical, nonhypervascular features ([@B27][@B75]). To date, there are no studies regarding clinical outcome of subcentimeter HCCs between immediate treatment and imaging follow-up strategy after detection. However, given the high progression rate to typical HCCs (89.9-100%) ([@B89][@B90]) and better prognosis of very early stage HCC than early stage HCC ([@B91][@B92][@B93]), diagnosis of subcentimeter HCC would be clinically beneficial by providing two different options including immediate treatment and intense follow-up. Further studies are warranted to establish more refined diagnostic criteria and to better stratify the degree of risk in these subcentimeter nodules.

Recommendation for Indeterminate Nodules: Biopsy for All vs. Follow-Up
======================================================================

According to the KLCSG-NCC Korea practice guidelines, either biopsy or follow-up could be used for nodules without the typical enhancement pattern of HCCs, i.e., arterial-phase enhancement and \"washout\" on contrast-enhanced CT or MRI. This is quite different from the AASLD ([@B9]) or EASL-EORTC guidelines ([@B15]), as biopsy is advocated for all indeterminate nodules on imaging work-up by contrast-enhanced scans. There are several rationales to implement follow-up strategy for indeterminate nodules in KLCSG-NCC Korea practice guidelines. First, neither the AASLD diagnostic algorithm nor the EASL-EORTC diagnostic algorithm would be appropriate to diagnose early HCCs, which frequently show atypical enhancement patterns. Second, biopsy of small (\< 2 cm) nodules may not be technically possible in some patients, and may possess a risk of sampling bias or a serious diagnostic difficulty ([@B23]), as well as a potential risk of tract seeding ([@B94]). Third, the low prevalence of malignancies among the 1-2 cm indeterminate nodules (14-23%) ([@B95]) also justifies follow-up strategy. The study demonstrates that only arterial-phase hypervascularity and the presence of synchronous HCCs are significant predictors of malignancy ([@B95]). Therefore, applying these criteria may lead to substantial reduction of biopsy while it would detect the majority of HCCs. Fourth, no outcome study has shown that survival is prolonged by performing a biopsy for indeterminate nodules \> 10 mm rather than following them closely for growth ([@B48]). Thus, this option of follow-up strategy is clinically feasible. However, there is no recommendation on prioritizing strategy for indeterminate nodules. The issue is also related to the need of risk stratification of atypical nodules in cirrhosis using ancillary findings, as discussed earlier in this review. Importantly, \"threshold growth\", which is included as a main diagnostic criterion in LI-RADS and the OPTN system introduced by the United Network for Organ Sharing (UNOS). OPTN-UNOS guidelines allow the diagnosis of arterial-phase hyperenhancing HCCs using threshold growth, defined as growth \> 50% in ≤ 6 months ([@B11]). Currently, the KLCSG-NCC Korea practice guidelines incorporate follow-up imaging instead of biopsy for indeterminate nodules, but not the criterion of threshold growth on follow-up imaging. Threshold growth could possibly be used as a primary diagnostic criteria for HCC in future updates of KLCSG-NCC Korea practice guidelines.

Differential Diagnosis from Other Malignancies
==============================================

According to recent reports, small intrahepatic cholangiocarcinomas (CC) in the cirrhotic liver may show atypical imaging features such as arterial-phase hyperenhancement, mimicking those of HCCs ([@B83][@B84]). Although a stable enhancement pattern without \"washout\" on MRI with ECCM is observed in all histologically confirmed intrahepatic CCs, according to a retrospective study ([@B85]), the differential diagnosis of small intrahepatic CCs in the cirrhotic liver from HCCs may be difficult solely through contrast-enhanced CT or MRI findings ([@B20][@B38][@B96]). Contrast-enhanced US is omitted from the diagnostic techniques since it may offer false positive HCC diagnosis in patients with CCs ([@B9]). Although the incidence of intrahepatic CCs in cirrhotic liver is regarded as low, chronic liver disease is also a risk factor for intrahepatic CCs ([@B97]). Repeated episodes of inflammation and regeneration in chronic liver disease result in various genetic and epigenetic changes to both parenchymal cells and hepatic stem cells, activating various signaling pathways due to the stromal microenvironment ([@B96]). Recent studies suggest that combined hepatocellular-cholangiocarcinomas (cHCC-CC) and some intrahepatic CCs originating from small ductules may arise from transformed hepatic stem cells, and would present a spectrum of imaging findings that are intermediate to HCCs and CCs ([@B98]). Identification of imaging features in differentiating HCCs from cHCC-CCs or CCs in the cirrhotic liver is clinically significant for appropriate patient management ([@B99]), hence, further refinement of the diagnostic criteria for small CCs in cirrhotic liver is warranted.

CONCLUSION
==========

Several noninvasive diagnostic criteria endorsed by the new KLCSG-NCC Korea practice guidelines are consistent with AASLD and EASL-EORTC guidelines, but there is some variance. The new guidelines are more practical, in terms of implementing diagnostic criteria using hepatocyte-specific contrast enhanced MRI, and establishing criteria for subcentimeter sized HCCs. However, there are several remaining issues including diagnostic criteria using gadoxetic acid, report of nonhypervascular hypointense nodules, and the new concept of HCC spectrum, which introduces the possibility of CC-HCCs. These issues need to be addressed in the future update of the guideline on the basis of large scale data-driven evidence.

![Diagnostic algorithm for suspected hepatocellular carcinoma (HCC) with new Korean Liver Cancer Study Group-National Cancer Center Korea practice guideline.\
Typical imaging features of HCC include following: 1) arterial enhancement and 2) portal venous or delayed phase washout. AFP = alpha-fetoprotein, CHB = chronic hepatitis B, CHC = chronic hepatitis C, LC = liver cirrhosis, US = ultrasonography](kjr-17-7-g001){#F1}

![CT and MR images in 24-year-old male patient without viral hepatitis but portal hypertension.\
**A, B.** 2.2 cm mass is seen in S3 showing arterial \"wash in\" and portal \"washout\". **C.** Mass shows hyperintensity on hepatobiliary phase on gadoxetic acid-enhanced MRI. **D.** On repeated biopsy, nodule was diagnosed as focal nodular hyperplasia like nodule in background liver with periportal fibrosis.](kjr-17-7-g002){#F2}

![Gadoxetic acid-enhanced MRI in 69-year-old man with chronic hepatitis C.\
On arterial phase **(A)**, 1.2 cm enhancing nodule is seen in S8 (arrows), which is hyper-, hypo-, and hypointense on portal venous **(B)**, transitional **(C)**, and hepatobiliary **(D)** phases. Western guidelines are not applicable and it does not meet criteria of LR-5, but nodule is diagnosed with hepatocellular carcinoma according to Korean Liver Cancer Study Group-National Cancer Center and Japan Society of Hepatology guidelines.](kjr-17-7-g003){#F3}

![Surgically confirmed cholangiocarcinoma in 49-year-old man.\
On gadoxetic acid-enhanced MRI, there is approximately 7 cm arterially enhancing mass in S8 (**A**, arrowheads). Mass (arrowheads) shows isointensity on portal venous phase **(B)** and hypointensity on transitional **(C)** and hepatobiliary **(D)** phases, as compared with surrounding liver parenchyma. Mass can be diagnosed with hepatocellular carcinoma on basis of Korean Liver Cancer Study Group-National Cancer Center guideline, whereas it does not meet Liver Imaging Reporting and Data System recommendation that only accepts \"portal washout\".](kjr-17-7-g004){#F4}

![Gadoxetic acid-enhanced MRI in 66-year-old man with chronic hepatitis B.\
On precontrast T1-weighted **(A)**, arterial **(B)**, and portal venous phase **(C)** images, no focal lesion is shown in liver. On the hepatobiliary phase **(D)**, 1.2 cm defect is revealed in S7/8 (arrows). Nodule was not delineable on T2- or diffusion weighted images. After fusion biopsy, nodule was diagnosed as well-differentiated hepatocellular carcinoma.](kjr-17-7-g005){#F5}

![Gadoxetic acid-enhanced MRI in 60-year-old man with chronic hepatitis B.\
**A, B.** On initial MRI, 1.3 cm nonhypervascular hypointense nodule (arrows) is observed in S8. **C, D.** Nine months later, nodule showed interval development of arterial enhancement in nodule (arrowhead) with interval growth (2.2 cm, arrows) on follow-up MRI.](kjr-17-7-g006){#F6}

![Histologically confirmed hepatocellular carcinoma in 81-year-old man with chronic hepatitis B.\
3.3 cm mass (arrows) is incidentally found in S7 showing \"wash in\" on arterial phase **(A)** without \"washout\" on portal venous phase **(B)**. On transitional **(C)** and hepatobiliary **(D)** phases of gadoxetic acid-enhanced MRI, mass remains as hyperintense. Although it shows discrete rim **(B-D)**, mild T2 high signal intensity **(E)**, diffusion restriction **(F)**, which is suggestive of malignancy, mass does not meet Association for Study of Liver Diseases, European Organization for Research and Treatment of Cancer, Korean Liver Cancer Study Group-National Cancer Center diagnostic criteria, and LR-5. On delayed phase CT scan **(G)**, tumor shows enhanced rim, which meets definition of \"capsule\" according to Liver Imaging Reporting and Data System and Organ Procurement and Transplantation Network, and hypointense rim on transitional phase of MR might be result of \"pseudo-washout\".](kjr-17-7-g007){#F7}

###### Comparison of AASLD, EASL, KLCSG-NCC Korea Practice Guidelines, and LI-RADS

![](kjr-17-7-i001)

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                               AASLD                                                                                  EASL                  KLCSG-NCC Korea                                                LI-RADS
  -------------------------------------------- -------------------------------------------------------------------------------------- --------------------- -------------------------------------------------------------- --------------------------------------------
  Target population                            Patients at risk for HCC in surveillance program (CHB carriers,^\*^ LC of any cause)   LC of any cause       CHB, CHC, LC of any cause                                      All patients at risk for HCC

  Targeted lesion                              US detected nodule                                                                     US detected nodule    US detected nodule                                             All nodules

  Imaging modality                             CT, MRI using ECCM                                                                     CT, MRI using ECCM    CT, MRI using ECCM or hepatobiliary agents                     CT, MRI using ECCM or hepatobiliary agents

  Diagnostic hallmark                          Nodule size ≥ 1 cm\                                                                    Nodule size ≥ 1 cm\   AP enhancement\                                                AP enhancement\
                                               AP enhancement\                                                                        AP enhancement\       Washout on PVP, DP, or hypointensity on TP (Gd-EOB-DTPA MRI)   Washout on PVP, DP^†^\
                                               Washout on PVP, DP                                                                     Washout on PVP, DP                                                                   Capsule appearance\
                                                                                                                                                                                                                           + threshold growth (LR-5g)\
                                                                                                                                                                                                                           + US visibility (LR-5us)

  Ancillary findings                           No                                                                                     No                    No                                                             Yes\
                                                                                                                                                                                                                           - Up scoring (up to LR-4)\
                                                                                                                                                                                                                           - Down scoring

  Number of required exam                      One exam                                                                               ≥ 2 cm: one exam\     ≥ 2 cm: one exam\                                              One exam
                                                                                                                                      1-2 cm: two exams     1-2 cm: two exams, if suboptimal study\                        
                                                                                                                                                            \< 1 cm: two exams                                             

  Tumor marker (AFP)                           N/A                                                                                    N/A                   Only for small nodules (\< 1 cm)                               N/A

  Category                                     HCC\                                                                                   HCC\                  HCC\                                                           Benign\
                                               Not HCC\                                                                               Not HCC\              Not HCC\                                                       Probably benign\
                                               Indeterminate                                                                          Indeterminate         Indeterminate                                                  Indeterminate\
                                                                                                                                                                                                                           Probably HCC\
                                                                                                                                                                                                                           Definitely HCC ± PVT\
                                                                                                                                                                                                                           Probably malignancy

  Noninvasive diagnosis of subcentimeter HCC   No                                                                                     No                    Yes (tumor marker + imaging)                                   Yes (probably HCC)

  Noninvasive diagnosis of hypovascular HCC    No                                                                                     No                    No                                                             Yes (probably HCC)
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

^\*^Chronic hepatitis B in Asian (\> 40 years in men, \> 50 years in women), chronic hepatitis B with family history of HCC, chronic hepatitis B in African and North American black, ^†^Washout on PVP and/or DP in CT, MRI using ECCM, and MRI using gadobenate dimeglumine.

Washout on PVP only in gadoxetic acid-enhanced MRI. AASLD = Association for the Study of Liver Diseases, AFP = alpha-fetoprotein, AP = arterial phase, CHB = chronic hepatitis B, CHC = chronic hepatitis C, DP = delayed phase, EASL = European Association for the Study of the Liver, ECCM = extracellular contrast media, exam = examination, HCC = hepatocellular carcinoma, KLCSG-NCC = Korean Liver Cancer Study Group-National Cancer Center, LC = liver cirrhosis, LI-RADS = Liver Imaging Reporting and Data System, N/A = not applicable, PVP = portal venous phase, TP = transitional phase, US = ultrasonography
